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(54) DETERMINATION OF THE a- AMYLASE ACTIVITY OF A 
MATERIAL 



(71) Wc. F. Hoffman-La Roche & 
Co., Aktiengesellschaft, a Swiss Com- 
pany of 124-184 Grenzacherstrasse, Basle, 
Switzerland, do hereby dedare the invcn- 
5 tion, for which we pray that a patent may 
be granted to us. and the method by which 
it is to be performed, to be particularly 
described in and by the following state- 
ment : — 

10 The present invention relates to a 
method of determining the a-amylase activity 
of a material, and to a reagent test Idt for 
such a determination. 
In many diseases wherein substantially 

15 identical symptoms appear in the patient, 
differential diagnosis is difficult For this 
reason, reliable chemical diagnostic tests 
are sought and used with increasing fre- 
quency. For example, one such pair of 

20 clinical diagnostic problems is a differentia- 
tion between appendicitis and acute pancrea- 
titis. In efforts to improve the accuracy 
of determining which disease is present, a 
reliable chemical method is needed to 

25 accurately determine either the senmi or 
urine amylase activity. This activity, vAMii 
in hmnans is mostly the product of exocrine 
pancreatic function, is significantly increased 
in acute pancreatitis. 

30 Amylase is a group of enzymes comfms- 
ing o-amylase and j8-amylase. These 
enzymes cause the hydrolysis of starch, 
therefore, chemical methods of determining 
the by-products of the hydrolysis are 

35 feasible. The hydrolysis of amylose, the 
linear a-1.4-^ucosidic starch component, 
can be used to measure a- and i9-amylase 
activity. The products of the enzymatic 
hydrolysis of amylose by these amylases 

40 arc maltose and ^ucose or mixtures there- 
of. In the case of a-amylase, the main pro- 
duct is a mixture of maltose and gjucose, 
while in the case of i8-amylase, the main 
product is maltose. Thus, tests have been 

45 developed which measure the activity of 
lPrice'25p\ 



the enzyme in terms of the amount of 
maltose and /or gjucose produced. These 
tests are difficult to carry out and are un- 
reliable since reproducible results are gene- 
rally not attainable. 50 

This invention relates to methods for 
determining a-amylase activity and a re- 
agent test kit for such a determination. 
More particularly, this invention relates to 
the determination of a-amylase activity by 55 
a color test utilizing as the substrate, a 
water-msoluble com^cx of a water-soluble 
dye and an amylose-containing material. 
As used hereinafter ** amylase " refers to 
both a- and )3-amylase. 60 

It has been discovered that a-amplase 
activity can be measured with excellent re- 
producibility, e.g.. within 2-4% mean devia- 
tion, by measuring the cc^or intensity pro- 
duced when a water-soluble dye, insolu- 65 
bilized by combination with amylose, is 
solubilized in an aqueous medium by the 
action of amylase. The color of the aqueous 
mediimi is measured and compared with a 
control or standard to determine the de- 70 
gree of s(4ubili2Ution, which is a measure 
<A the hydrolysis, effected by the amylase 
and thus a measure of its activity. 

The dyes which are suitable for use in 
this invention for complexing with am^ose 75 
are those which are water-soluble and are 
reacdve with celhilose. e.g.. the so-called 

reactive dyes The preferred types are 
the reactive monochlorotriazine dyes, espe- 
cially suitable are those whidi OHitain an 80 
antliaquinone disulfonate moiety. The 
dyes this type are known to the art 
and can be illustrated by the foDowing: 
Cibacron (Registered Trade Mark) Brilliant 
Orange G.E. (Reactive Orange 5) and 85 
Cibacron (Registered Trade Marie) Brilliant 
Blue F3GA (Reactive Blue 2). 

The ** reactive dyes are characterized 
as being water-soluble, as containing a re- 
active halogen snbstituent. e.g.. they are de- 90 
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rived from cyanuric chloride in which two 
of the available chlorine atoms are icplawl. 
and as containing an anthraquinone disulfo- 
nate jnoiety. The dyes are usually avafl- 
5 able as their heavy naetal salts, e.g.. copper, 
manganese and the like. 

The insoluble complex smtable for use 
in this invention is prepared by reactmg 
the reactive dye with amylose or an 

10 amylose-containing matenal. e.g., a starcn. 
Typical amylose-containing matenals arc 
starches of tuber, cereal or gram ongm, 
e.g.. com, potatoes, wheat or nee. , 
The dye and amylose-contaming matenal 

15 can be reacted together in alkaline aqueous 
medium in any convenient proportions. The 
reactive amounts of the rcactante are not 
critical since the reactants combme m a 
Snstont manner and any ^cess reagent 

20 present can be removed Thvs ^ang^ 

' -in the relative amounts of reactants will not 
change the character^ ^^i^fw 
Accordingly, it is prefe^ed that «cc^s 
of one of the reactants be preset to msure 

05 as comolete a reaction as posable. 

• The complex can be formed by reactmg 
the dye and amylose-containing material m 
a weakly alkaline aqueous mdwrnat j^- 
Vated temperatures. e.g.. ovm 5U nre- 

30 ferably from 50^C to 90«C H reactiOT 

• conditions are too severe. e.g.. too tot or 
too alkaline, the halogen ^}om fil^tdy^ 
will preferentially react with the Jgrdro^l 
ion on the basic medium rather ^an the 

35 amylose moiety. In order to achieve a 
good yield in short reaction tmies it is 
desirable to add first a soluble salt, e.g.. 
sodium sulfate, calcium .^^onde. sodran 
chloride, potassium ,^1^! ,^^ 

40 sodium sulfate being preferred After addi" 
■ tion of the salt, it is desirable to^add a. 
base to bring the pH to at least 9-12 m 
Srfer ?o^tiate a^d dfive the reaction^ 
TOs can be accompHshed witii a tose^^ 
a«i e ff. trisodium phosphate. Other toses 
a^ sStaSThowev^. triso^um pho^hate 
i^prefened since-it permits higher yields.^. 

m^uct is a stable insoluble com- 
nlex wHch can be recovered by conyen- 

50 & mS^^ 

didysis and tiie like, and is the same 
as fte dye. The dye portion of the pro- 
duct is attached to a hydroxyl group of a 
sugar moiety of .the amylose. generally, one 

55 dyfmdlecide for from ^''^Z^^ 
to about every ten sugar moieties as mea- 
sured by the ratio of Ae «momt of solu- 
bilized dye containing fra^cnts to the 
ducing substances measured as ^uco« pro- 

60 duced by. hydrolysis with endo- and exo- 

'^AcmeSIf determining the amylase 
actiStv aoKDrdmg to this invention must 
bf S^L^^ut ^thm the limits of Jejgn- 
65 ditions set forth in order to be effective. 



accurate and reproducible. 

The enzyme source may be any matenal 
which can contam a-amylase activity, e.g.. 
biological fluids or tissues, fungal, bacterial, 
or plant extracts. Examples of materials 70 
which may contain a-amylase acbvity are 
blood serum, urine, saliva and the Hke. For 
convenience, this invention will be descnoed 
usmg biological fluids, e.g.. panaeatic ex- 
tract, to illustrate the assay for x-amylase o 

activity. . ^. 

The test to determme a-amylase actiiogr 
is carried out by suspending the dye-starch 
complex in a substantially neutral aqueous 
buffer containing an alkaH metal chlorid w 
catalyst, warming the suspension, adding the 
test soluticMi and incubating the mixtwe 
for a predetermined lengtii of time, quench- 
ing the reaction, removmg the supemata^ 
and comparing its color with a standard w 
or control to measure the Miount of solu- 
bilized dye-containing material. The color 
produced by the solubilized dye-contammg 
material is a manifestation of the enzyme 

activity. . ^ ^- . 

The amounts of the various nigredients 
used in the enzyme activity test are im- 
portant but not critical to the operabihty 
of tiie test. However, it is preferred to use 
as small an amount of eadi ingredient as 
possible in order to have an economirally 
feasible test The relative proportions of m- 
gredients are. however, critical to the 
operability of flie process as ^ ^e pH 
and temperature conditions. The time is lOU 
important only insofar as it is convemcnt. 
econonucal and consistcnfly used. ^ 

The reaction conditions for determming 
the enzyme activty can be varied to pro- 
yi6& eittier a static or dynamic systena. Jn 105 
the static system, which is the preierrea 
system, small volumes arc used during mca- 
bation, eliminating the need for a^tation. 
Thus, the preferred reaction conditions for 
determining a-amylase activity are those 110 
which are dkcctcd to obtaining from 6 to 
10 ml final volume to be used for spectro- 
photometric measurenieflt— Thus It is^pre- 
ferred to use about 200 mg of .msoluHc 
dye-am^ose complex suspended in 0.8 nti 115 
of 0.04 M phosphate buffer at a P« of 6.^ 
to 7.1, preferably 7.0. containmg 0.05 M/1 
NaQ at 37M0X, and 0.1 to 0.4 ^ of 
enzyme solution, preferably 0.1 nd. K the 
amount of dye-amylose complex is mcreascd, 120 
then the remaining materials must be in- 
creased proportionately. 

The relative amount and concentration 
of the phosphate buffer in tiie static system 
is operable witiiin somewhat narrow ranges. 125 
Thus, for every 200 mg of substrate thrae 
can be present in' the .-amylase assay. 0.7 
to 1.5 ml of 0.04 M phosphate buffer. The 
volume and concentration of buffer i«s^t 
how ver should be suffidcnt to mamtam flie iw 
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pH from 6.9 to 7.1. preferably 7,0^ through- 
out the course of the assay. 

The concentration of sodium chloride 
present is critical in the test and should 
5 not be less than 0.01 M/1, preferably 0.05 M. 
Other alkali metal chloride catalysts, e.g.. 
potassium chloride, can be used, but sodium 
chloride is preferred because of its avaO- 
ability and low cost 

10 In the dynamic system, wherein special 
equipment suitable for agitating the system 
is required, volumes larger than those used 
in the static system are used during incuba- 
tion. The volume increase is effected by 

15 increasing the volume of buffer. Thus, in- 
stead of using 0.7 to 1.5 ml of buffer with 
200 mg of insoluble dye-amylose comple — 
.1.0 to 5.0 nod can be used, with 4.5 ml 
preferred. All other reaction conditions, 

^0 concentrations, amounts and materials are 
the same for both the dynamic and static 
system. 

In both the dynamic and static systems, 
the temperature is critical withm a narrow 

25 range to insure that the stabflity of the 
system is not deleteriously effected, thus 
37" to 40*'C is operable, with 40** pre- 
ferred. The amount of enzyme solution 
present is critical only insofar as economics, 

30 convenience and suspected- enzyme activity 
is concerned.* Thus, under ordinary circum- 
stances, a -satisfactory color test can be 
obtained if 0.1 to 0.4 ml of test solution per 
200 mg of substrate is utilized. The length 

35 of time the enzyme activity is tested is 
dictated by economics and convenience. 
Hius» generally 15 minutes incubation will 
be si^Scient to determine the relative 
activity and amount of enzyme present 

40 Longer times are uneconomical and shorter 
times are generally insufficient to produce 
adequate amounts of solubilized dye to 
permit consistent, accurate readings. 
In order to stop the activity of the 

45 enzyme at a jMredetermined time, it is neces- 
sary to quench the systcni. This can be 
accomplished in several ways, e.g.. change 
the pH of the system or remove the product. 
The quench method preferred according to 

50 this invention, is to change the pH. This 
can be accomplished by makine it either 
alkaHne, e.g., at least 9, preferably 10 to 
11, or addic e.g., 3.5 to 4.5, preferably 4.0. 
The alkaline quendi is suitable for systems 

55 which contain substantial amounts <rf pro- 
tern while the acidic quench is suitable for 
those systems which contain little or no 
proteiiL 

The alkaline quendi is accomplished by 
^ adding an alkaline material which is of suffi- 
cient strength to require little volume to 
raise the pH; preferred are organic 
materia, e.g., lower alkanol amines such 
as 2-aminor2-methyl-l-propanol and (tri- 
^5 hydroxy methyI)aminomediane. "Lower 



alkanol amines *' are defined herein as 
alkanol amines containing from 2-5 carbon 

atoms. 

The addic quench is accomplished by 
adding an acidic material which is of suffi- 70 
cient strength to require little volume to 
lower the pH but is not so strong that it 
will deleteriously affect the components of 
the system. Preferred are organic materials, 
for example, lower alkyl carboxylic adds, 75 
i.e. those containing from 1 to 4 carbon 
atoms, such as acetic add. 

After the quench, the mixture is diluted 
to a suitable volume, usually 10 ml, and 
centrifuged or filtered to remove all the in- 90 
soluble material. The absorbence of the 
supernatant or filtrate, which should be 
transparent and of the same color as the 
dye, is then compared against a standard 
or control. 85 

The dye is solubilized when the enzyme 
attacks the stardi portion of the complex. 
Since the enzyme hydrolyzcs the linear 
starch m a regular rather than random 
manner, the amount of dye solubilized at 90 
any given time by a particular enzyme acti- 
vity is reproducible. This has been found 
to be the case in the test of the invention - 
wherein a reprodudbUity within 2% to 4% 
of the mean is accomplished, 95 

The materials utilized in - the amylase 
-assay can be provided in, for example, a 
convenient kit comprising the substrate, the ' 
diluent and a standard. The substrate can 
be provided, for example, in a container, loo 
e.g.. a capsule, and is composed of the dyed 
amylase substrate, sodium chloride and the 
buffer. 

The diluent can be provided in suitable 
containers, e.g., padcets containing aystals 105 
of the buffer having a certain desired pH 
when dissolved in water, and ready for dis- 
solution in water. 

The standard solution can be provided in 
a suitable container. e.g., a test tube or flask 1 10 
and contains a measored amount. of dye 
solution. 

The dye-amylose complex is applicable 
to amylase assay of both plant and animal 
origin as illustrated by the examples given 115 
below. 

Of the foDowing Examples, Nos. 2-4 illus- 
trate the invention, and Example 1 describes 
the preparation of a water-insoluble complex 
for use in the invention. All temperatures 120 
given in the Examples are in degrees centi- 
grade. 

Preparation of dye-starch complex. 

a) 10 g of CSbacron (Regist«ed Trade 
Mark) BriUiant Blue F3GA m 1 liter of 125 
water is added to a suspension of 100 g of 
amylose in 1 liter of water af 50'. with 
stirring. 200 g of anhydrous sodium sulfate 
is slowly added over a period of 30 minutes, 
with stirring, then 150 ml of 10% tri- 130 
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sodium lAosphate is added. The reaaion is 
allowed to proceed at 50" for 75 minutes, 
with continuous stirring. The resulting sus- 
pension is stirred overnight at room tempe- 
5 rature, transfened to a centrifuge and centn- 
fuged 20 minutes at 2500-3000 rpm. The 
precipitate is recovered, rewashed. recentn- 
fuged, recovered and then dried The pro- 
duct is a blue powdery material of a com- 
10 plex of amylose and CibacK>n (Registered 
Trade Mark) Brilliant Blue F3GA contam- 
ing one dye molecule for about every seven 
to about every ten sugar moieties m the 
amylose. ^ ^ ^ 

b) By substituting equal amounts ot 
Cibacron (Registered Trade Mark) Biflliant 
Orange GB, far Qbacron (Re^stered Trade 
Mark) Brilliant Blue F3GA and followmg 
the procedure of Example la. m orange 
20 powdery material of a complex of amjiosc 
and Cibacron (Registered Trade Mi«k) 
Brffliant Orange G.E. containing one dye 
molecule for about every seven to about 
every ten sugar moieties in the amylose is 

25 obtained. , - 

Example 2 
Determination of amylase activity. 



35 
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a) In a 25 ml Erlenmeyer flask. 200 mg 
finely ground Cibacron (Registered Trade 
Mark) Brilliant Blue F3GA-amylose is sus- 30 
pended in 4.5 ml 0.04 M phosphate bi^er. 
pH 7.0. containing 0.05 mol/1 sodium chlo- 
ride and warmed to 40^ The enzyme 
solution. 0.1-0.4 ml. is added and the mixture 
is incubated at 40** for 15 minutes m a 
Dubnoff shaker. One ml o^,2-Mmno.2- 
methyl-l-propanol (0,5 M. pH 10.25) is 
added and the entire mixture is diluted to 
lO.O ml and centrifuged The absorbance 
of the supernatant is obtained at 625 m/x w 
against a reagent blank. 

lie reagent blank is prepared as de- 
scribed above except 0.1 jnl-0.4 ml of water 
is substituted for the enzyme sample. 

A calibration curve is prepared by « 
measuring the absorbance of solutions of 
Cibacron (Registered Trade Mark) BriUiant 
Blue F3GA contaming 100 to 400 
in 10 ml mixed phosphatc-aDcanolamme 

buffer. .1 

Results: Hog pancreatic a-amylase 
diluted 1:10.000. served as the enzyme 
source and .the activity is expressed as mg 
dye formed by 1.0 ml dilute enzyme. 



50 



55 



60 



Ml ertTyme 
solution 
0.1 
0.2 
0.3 
0.4 



M25 /n/x 
0.22; 0.21 
0.43; 0.41 
0.60; 0.61 
0.80; 0.83 



mg 
releasei 
0.137; 
0.256; 
0.375; 
0.500; 



dye 

idlspec. 
; 0.131 
0.269 
0.381 
0.519 



Mean 
0.134 
0262 
0.378 
0.509 



Mg dyelml 
1.34 
1.31 
1.26 
1.27 



b) 0.2 ml enzyme solution containing 50- 
250 amylase units (as determined reducto- 
metrically) is added to 4^^ M ^an 0^-2.5 
percent suspension of Bnfliant Ormp GJi.- 
65 Sylose complex, in 0.02^.1 M^^^ 

buffer. pH 7.0. opntainmg.0.0Wi)5 mc^A 
sodium chloride. The mixture is heated 
.30 minutes at 40''. , . j « i 

At the end of the incubation penoa, 2 ml 
70 of IN acetic add are added and J^e re- 
sulting insoluble material is removed. The 
absorbance of the remaming solution is 
measxaed-apnst a control m a spectro- 
photometer at 490 m/c 
75 The control is prepared as described 
above except distilled water is substitnted 
for the enzyme sample. 

Results: The results are shown as the 
amount of dye released per amouirt of rc- 
80 dudng sugar formed (expressed as gjua)sc). 
Enzyme Units Dye Um^ Dyel 
(Glucoseim nd) (^90xm Glu(X>se 
50 80 1.6 

125 345 2.76 

250 «0 2.72 

... Example 3 

Preparation of Reagent Test Kit 
A reagent test kit containing suffiaent 
material for 100 tests and compnsmg the 
90 following is utilized: 
* a) subs^tie 



200 95 
1.94 . 



2.99 
0.93 



too 



85 



200 capsules, each containing the foUow- 
ing ingredients expressed as milligrams per 
(Xipsule: 

amylase substrate 
sodium phosphate ruonobasic 
sodium phoq)hate dibasic 

anhydrous 
sodium chloride 

1.3? g^S crystals of NaHJPO^JWJ; pH 
A2 when dissolved in water. 

c) stodc standard «««^«/ 
_ . 15,inljof a.^tandard contaimng »^.in^ 
100 nfl prepared as follows: ^ 105 

About 292.0 mg of Cibacron (Re^stered 
Trade Marie) Brilliant Blue F3GA is dis- 
solved in 1 liter of distilled water and then 
a 15 ml aliquot is put into a capped 
glass container. 

Example 4 
Determination of amylase activity. 
The contents of 1 substrate capsule (as 
prepared m Example 3) and 0.8 ml of 
dismied water are added to e»Aoi two 115 
test tubes marked "Tesf; 
The resultant slurry is mixed thonnifijny. 
Both tubes are mcubated for 10 mmvtes at 
" 37** ■ 

01 ml of serum is added to the tube 120 
mariced "Test" and mixed vigotoudy. 
Both tubes are thai incubated for exactly 
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15 minutes at 37**. 

10 ml of the diluent, prepared by dissolv- 
ing 1.38 g of NaHJ*04.HiO in deionized or 
distilled water, diluted to 100 ml. is added 
5 to both tubes. 0.1 ml serum is added to the 
"Blank". The contents of the tubes arc 
mixed well and centrifuged to obtain a 
clear sux)exnatant 
The optical density of the *' Test solu- 
10 tion at 625 m/i (red niter) is then compared 
to the ** Blank ** and the amylase activity 
is determined from a standard curve. 

The following indicates the results ex- 
pressed as the amount of dye released per 
15 0.1 ml of test solution using different serum 
specimens: 

Specimen No. mg dye/ 0.1 ml 

1 0.085 

2 0.074 
20 3 0.077 

4 0.110 

5 0.103 

6 0.069 

7 0.118 
25 8 0.072 

9 0.118 
Pooled Scrum Control 0.072 
Mean 0.089 
WHAT WE CLAIM IS: — 

30 1. A method for determining the o- 
amylase activity of a test material, wherein 
a water-insoluble complex composed of a 
water-soluble reactive dye as bsreinbefore 
defined and an amylose containing materisd 

35 is subjected for a suitable time, to the enzy- 
matic action of the test material in an 
aqueoQK phosphate buffer at a pH of from 
6-9 to 71 and at a temperature of from 
37'C to 40*C and containing at least 0.01 

40 mol/1 of an alkali metal chloride catalyst, 
the leacticm is quendied and the o^our d 
the supernatant fiquid is con^iared with a 
standard. 



2. A method as claimed in daim 1, where- 
in a complex is used the dye component of 45 
which is a monochlorotriazine with an 
anthraquinone disulfonate substituent 

3. A method as claimed in claim 1 or 2, 
wherein the alkali metal chloride catalyst 

is sodium chloride. 50 

4. A method as daimed in any one of 
claims 1 to 3 wherein the test reaction is 
quenched by raising the pH of the test 
meduim to at leasi 9 after 15 minutes, with 

a lower alkanol amine. 55 

5. A method as daimed in daim 4, 
wherein the lower alkanol amine is 2- 
amino-2-methyM-propanol. 

6. A method as daimed in any one of 
claims 1 to 3, wherein the test reaction, is 60 
quendied by lowering the pH of the test 
medium with acetic add. 

7. A method for determining the a- 
amylase activity of a test material, sub- 
stantially as hereinbefore described with re- 65 
ference to the foregoing Examples 2 and 

4. 

8. A reagent test kit for detenmning 
amylase activity, comprised of separate 
containers of (a) buffered (pH 6-9 to 7-1) 70 
solution of a water-insoluble complex, com- 
posed of a water-soluble reactive dye as 
hereinbefore defined and an amylose con- 
taining material, and sodium chloride, (b) a 
crystalline phosphate having a pH of 4*2 75 
when dissolved in water, and (c) as a stan- 
dard, a soludcA of water soluble reactive 
dye as hereinbefore defined. 

For the Apfdicants, 
CARPMAELS & RANSFORD, 
Oiartered Patent Agents, 
24 Southampton BuOdings, 
Chancery Lane. 
London, W.C2. 
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